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Although hail contributes occasionally to the water budget in the Karoo, it may also cause localized, extensive 
damage to plants. A comparison was made between damaged and undamaged vegetation to assess the 
recovery of species, growth forms and palatability classes following a hail event during autumn (April 1988) in 
natural veld on a farm near Williston, Cape Province. Grazing stock had been withdrawn for the fourteen 
months between the time of the damage and the study. There was no significant long-term reduction in 
species diversity, growth form richness, percentage plant cover and growth form richness in the hail-
damaged vegetation. There was a significantly lower cover of palatable plants in the hail-damaged area. It is 
concluded that the supposed long-term effects of hail damage on vegetation composition may be seriously 
overstated and that alleviating grazing pressure during the year following hail damage may contribute greatly 
to successful recovery. 
Alhoewel hael soms tot die Karoo se waterbegroting bydra, mag dit ook gelokaliseerde maar grootskaalse 
skade aan plante aanrig. 'n Vergelyking tussen beskadigde en onbeskadigde plantegroei is onderneem om 
die herstel van spesies, groeivorme en vreetbaarheidsklasse te bepaal na 'n herfshaelstorm (April 1988) op 
natuurlike veld van 'n plaas naby Williston, Kaapprovinsie. Vee is vir 'n tydperk van veertien maande na die 
haelskade, totdat die opname gedoen is, onttrek. Daar was geen betekenisvolle langtermyn-afname in 
spesieverskeidenheid, persentasie van plantbedekking, en verskeidenheid van groeivorme onder die hael-
beskadigde plantegroei nie. Daar was 'n betekenisvol laer bedekking van vreetbare plante in die 
haelbeskadigde gebied. Die afleiding word gemaak dat die vermeende langtermyn-uitwerking van haelskade 
op plantegroeisamestelling moontlik erg oordryf mag wees, en dat die verligting van die weidruk op veld 
gedurende die jaar wat op haelskade volg, 'n groot bydrae kan lewer tot die suksesvolle herstel van die veld. 
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Introduction 
Water is thought to be a major constraint on vegetation 
production in semi-arid environments such as the Nama 
Karoo (Venter 1992; Rutherford & Westfall 1986). When 
water influx occurs in the form of either hail or flood it can 
be physically destructive, offsetting the small contribution 
made to the water budget. Floods can transport vast quan-
tities of soil between areas, damaging plants in the process, 
and the water is often not as effective at the site at which it 
falls as one might expect. The damage to plants which is 
caused by hail is more localized and includes defoliation, 
branch destruction and sometimes chilling. As the hail 
melts, however, moisture is released slowly, enabling good 
infiltration into the soil with reduced or little run-off and 
evaporation. Hail stones 'the size of golf balls and approach-
ing the size of cricket balls' have been reported in the Karoo 
(Anonymous, 1986) and the impact increases when the hail 
is accompanied by strong wind. The report continues that 
'virtually every thunderstorm is a potential hail storm', and 
thousands of hectares of Karoo grazing have been seriously 
damaged within fifteen minutes. 
Little is available in the formal scientific literature about 
the impact of hail on natural vegetation, and most published 
data are of manual defoliation/damage of crop plants to 
simulate hail damage (e.g. Teigan & Varst 1975). Milton 
and Collins (1989) reported on two hailstorms near Prince 
Albert and presented some data gathered following the 
second storm. They suggested that the extent of the impact 
on a plant would be related to the plant's morphology, 
anatomy and phenology. They also indicated that hail would 
have more impact on plants at times of active growth than at 
other times of the year, and predicted that hail following a 
prolonged dry period would be less destructive than hail 
which followed a rainy period. 
Protection from hail provided by nurse plants to plants 
growing under their canopies, appears unresearched. Neither 
is there quantified information regarding the effect of bark 
being knocked off veld plants, or the intensity of hail and 
impact of hail accompanied by strong winds relative to veld 
plants. 
The following work was carried out to survey the visible 
effects remaining 14 months after a hail storm which occur-
red in the Williston district during April 1988. Comparisons 
were made between species composition and cover of plant 
types in damaged and undamaged areas of a single grazing 
camp to assess the impact of, and recovery from, hail 
damage as related to plant growth form and grazing value. I 
tested for differences in abundance of the leaf succulent 
Eberlanzia horrida (L. Bol.) L. Bol. in the damaged and un-
damaged areas, differences between the abundance of palat-
able species in the two areas, and differences in the compo-
sition of the veld in terms of plant growth forms and species 
diversity. 
Methods 
The study was carried out in a single grazing camp of 
approximately 330 ha on the farm Rietfontein near Williston 
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(approx. 31°25'S, 20042'E. This is classified as Arid 
Karoo, Driedoring Veld Form (Veld Type 29b; Acocks 
1988). The soil was shallow brown sandy loam derived from 
dolerite overlying shale (analysis data not shown). Grazing 
stock had been withdrawn from the camp for 14 months fol-
lowing the hail, and there had been little grazing by wild 
animals during this period. 
Nested plots (ten centrally located I_m2 plots, two 10-m2 
plots, one 100-m2 plot and one l000-m2 plot) were laid out 
according to Shmida (1984) in six 20 m X 50 m plots in the 
camp in order to construct a species area curve to determine 
the appropriate plot size for adequate sampling. Three plots 
were located in a hail-damaged section of the camp and 
three in an undamaged section, as identified by the owner of 
the farm (Mr J.P. Avenant, 1989, Heeltevrede, Williston, 
Cape, pers. commun.) who had visited the camp on 7 April 
1988, the day following the damage. A 50-m line intercept 
transect was run centrally through each plot to record the 
canopy cover as an estimate of the abundance of those 
species encountered (Shmida 1984). Plant species coverages 
(canopy space for live and dead individuals) were determin-
ed as line intercept measurements along the length of the 
tape. Each canopy was recorded separately where the cano-
pies of more than one individual overlapped. 
The six plots were at the same altitude (approximately 
1060 m a.s.I.), had the same northerly aspect and similar 
soil nutrient status. 
According to drought intensity reports for the Williston 
area (Karoo Region, 1987 - 1991), the six-month period 
preceding the hail event was 'very dry' to 'disastrously dry' . 
Following the hail event the drought intensity was 'normal' 
to 'very dry' for about 12 months, 'normal' for 6 months, 
then 'fair to dry' for about 12 months. It would appear that 
the April 1988 storm accompanied by the hail broke the 
drought. Although two rain gauges occur near the study site, 
records of daily rainfall were not available. Approximately 
100 mm was reported during a single rain event in February 
1989, but otherwise rainfall reported for each year during 
the period 1987 - 1991 was less than 30 mm (F. van Zyl, 
1992, Uitweg, Williston, Cape, pers. commun., written daily 
records not kept). No written rainfall records for the vicinity 
could be located. 
Plant growth forms were classified as grasses (annual and 
perennial combined), annual non-grasses (forbs), geophytes, 
dwarf shrubs (less than 1 m tall) including stem succulents, 
and leaf succulents. There were no shrubs taller than 1 m or 
trees present. Species nomenclature follows that of Gibbs 
Russell et al. (1987) . 
The classification of Blom (undated) was used to assign 
species to palatability classes. This classification is based on 
the physical and chemical characteristics of the species 
which have been observed to lead to selection or avoidance 
by grazers. Many Karoo species have been assigned to 
palatable, less palatable and unpalatable classes on this 
basis. 
The Student's t-test (Parker 1973) was used to compare 
the species presence and cover data in ·the damaged and un-
damaged areas. The i test (Parker 1973) was used to 
compare the frequency of occurrence of dead plants in the 
damaged and undamaged areas. Shannon's diversity index, 
H= -':LPilnpi 
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where Pi is the proportion of the i th species relative to the 
line intercept measures for all species [Begon et al. (1988)], 
was used to determine the species diversity in each area. 
Results and Discussion 
There was no significant difference (p < 0.05) in species 
diversity and cover between damaged and undamaged areas 
14 months after the hail event (Table 1). Shannon's diversity 
index H was 2.42 in the damaged and 2.08 in the un-
damaged sites. 
With the exception of an apparent reduction in grass 
cover, there was no significant difference (p < 0.05) 
between life form compositions in the damaged and un-
damaged areas (Table 1). The difference in the grass com-
ponent is difficult to explain, but may be related to the 
patchiness of the environment rather than to any effect of 
the hail. 
Eberlanzia horrida, a leaf succulent, had a significantly 
higher (i P < 0.05) proportion of dead cover in the hail-
damaged area than in the undamaged area. It was also 
evident that the number of live individuals of E. horrida 
recorded in the damaged area was higher and the mean size 
of each individual was smaller than individuals in the 
undamaged area. This suggests some recent recruitment of 
this species, possibly during the period following the time of 
the hail damage. 
Mr Barnard (Agricultural Extension Officer, Carnarvon) 
and Mr A venant noted that Eriocephalus spinescens Burch., 
Zygophyllum sp. and Pentzia spinescens Less., each species 
with fine, brittle branches, were among the species which 
were seriously damaged or killed. Although this does not 
contradict Milton and Collins (1989), the data indicate that 
the damage may not have been long-term. The data also do 
not contradict their suggestion that hail following a prolong-
ed drought period might be less destructive than hail follow-
ing a wet period, nor can conclusions be drawn regarding re-
sponses during periods of active growth or seed production, 
as there are no data for the comparison with the respective 
opposite conditions. 
There was a significantly lower (p < 0.05) percentage 
canopy cover by palatable plants in the hail-damaged area, 
although the number of palatable species recorded in each 
area was similar (Table 2). Indigo/era alternans DC., a 
small deciduous shrub, was found in all plots in the un-
damaged area although none was recorded in the hail-
damaged area. The mean cover of this species was 2.6% in 
the undamaged area (7% in one plot) and 0% in the dam-
aged area. There was no evidence of dead I. alternans in the 
damaged area, but its remains may have been removed by 
termites which were very active in the damaged area. The 
uneven distribution of this species alone contributes greatly 
to the significant difference between the two areas. Three of 
the 15 palatable species were found only in the undamaged 
area, and two only in the damaged area, which indicates the 
unevenness of the vegetal cover. 
Many palatable plants are 'softer' than many unpalatable 
plants and therefore potentially more susceptible to damage. 
Furthermore, their apparently slower recovery from hail 
damage may relate to the frequency of defoliation by graz-
ing prior to the hail event, and the effect the earlier defolia-
tion had on the rate of growth of the plant at the time of 
damage by hail. Full compensatory growth of some plants 
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Table 1 Means and standard deviations (SD) for the number of species in plots, and cover in the 
line intercept transect, of different growth forms in areas with and without hail damage 
No hail Hail 
Number of species SD % cover SD Number of species SD % cover SD 
Grass 4.0 1.0 7.7 2.0" 4.3 1.2 2.6 1.0-
Annual (forb) 6.7 1.5 3.7 4.0 7.3 2.3 0.1 0.1 
Geophytes 5.0 1.0 3.3 1.5 
Dwarf shrub 22.3 5.5 14.7 6.8 19.0 3.6 13.9 5.1 
Leaf succulent 1.0 2.0 1.3 1.0 3.5 2.8 
" Significant difference between means at p < 0.05. 
Table 2 Means and standard deviations (SD) for the number of species in plots, and cover in the 
line intercept transect, of palatable, less palatable and unpalatable plant species in the areas with 
and without hail damage 
No hail 
Number of species SD % cover 
Palatable 10.0 3.6 9.5 
Less patatable 6.0 1.0 9.1 
Unpalatable 7.3 1.5 5.1 
" Significant difference between means at p < 0.05. 
following defoliation has been shown to occur within about 
32 to 40 days for Briza subaristata (Oesterheld & 
McNaughton 1991) and 60 to 70 days for Themeda triandra 
(Oesterheld & McNaughton 1988). In both studies, the 
plants which were more stressed at the time of defoliation 
and consequently had high relative growth rates, were 
already close to maximum production rates in comparison 
with unstressed individuals, and were thus less able to 
rapidly compensate for lost biomass. Individuals of the 
palatable species growing in the hail-damaged area in the 
present study may similarly have been growing near to their 
maximum rates of production following the last grazing 
event prior to the time of the hail damage. They may thus 
have been unable to achieve full compensation within the 
14-month period, resulting in their having lower mean cover 
than individuals of the same species growing in the un-
damaged area. 
O'Connor (1991) and Danckwerts and Stuart-Hill (1988) 
reported on slowed recovery, mortality and extinctions 
following repeated defoliation or damage during times of 
drought. The lack of daily rainfall records for the area make 
it difficult to expand on this matter, which emphasizes the 
need for land users who do measure rainfall etc. to keep 
accurate permanent records of these data. 
The recovery of the hail-damaged veld was beyond the 
expectation of a group of visitors, including an agricultural 
Extension Officer and several farmers, who viewed the 
damage shortly after it had occurred. The group expected 
that the veld would 'never recover'. The Extension Officer's 
conclusions, about two years after the damage (G. Barnard, 
1990, Agricultural Extension Officer, Carnarvon, pers. 
commun.), were that the recovery was remarkable, especial-
ly considering that the rainfall in the two years following the 
hail event had been below average. He further concluded 
that the management of veld following damage plays a big 
role in the recovery of damaged plants. 
Hail 
SD Number of species SD % cover SD 
0.5" 8.0 1.0 3.1 1.6" 
5.2 5.3 0.6 10.7 5.3 
1.5 6.0 1.8 5.5 4.2 
Conclusions 
Based on the assumption that the sites selected in the 
damaged and undamaged areas would have been compara-
ble prior to the hail event, it is evident that the long-term 
impacts of the hail on species diversity and percentage plant 
cover in this study were not significant. No long-term 
effects were noted in any growth forms. Eberlanzia horrida 
appeared to undergo a change in age class structure but not 
in cover. 
Although the information gained in this study is limited, it 
does provide some basis for further work on the impacts of 
damage during hail storms which are frequent occurrences 
in Karoo veld, and possibly also for other types of defolia-
tion events. It also shows that the supposed long-term 
impact of hail on veld may be seriously overstated. It would 
appear that it is advisable to reduce or remove grazing 
pressure on damaged veld for at least one year following the 
damaging event. 
The most apparent cause for concern in this case was a 
significant reduction of cover by palatable species in the 
hail-damaged area. This apparent shift in palatability 
classes, and the interaction between grazing and other forms 
of damage, especially during times of drought, deserve 
further investigation. 
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